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A Magnetic Digital Storage System 

By ANDREW D. BOOTH, Ph.D.* 



DESCRIPTIONS have appeared'* 
of storage devices for use 
in serial operation calculating 
machines, but in this country at 
least, little emphasis has been placed 
on the other possible type of 
computing system, namely, that 
employing; parallel operation. It is 
not proposed to give any discussion 
of computing machines in this paper 
but for completeness it must 'he 
stated that in serial operation 
machines the digits of a number he- 
come available, and are used, oni»Nil 
a time starting usually from the 
leaft significant, whereas in a 
parallel operation miichine all the 
dirits of any number become avail- 
able at the same time. 

Without wishing to become con- 
troversial, it may be remarked that 
von Neumann, who was the origina- 
tor of many of the current ideas on 
calculating machines, has aban- 
doned the serial operation machine 
in favour of its parallel operation 
^counterpart. 

Ilw|ttir«m«nts for a Storag • Dcvfc* 

In either type of calculating 
'machine the requirements of the 
storage device are similar, and are 
as follows: 

(1) The storage should be perma- 
nent if desired. 

(2) The contents of any position 
must be erasible at will and capable 
of replacement by new data. 

(8) The volumetric efficiency 
should be high. 

(4) The access and' replacement 
time of stored data should be small. 

The delay line storage device of 
Wilkes' and the cathode-ray tube 
memory of Williams' satisfy all of 
the above requirements except (1) 
and to a less extent (3). Either of 
these devices loses all its stored 
data' if a power supply failure 
occurs. In addition, in the forms 
described by the authors, neither is 
directly suitable for a parallel 
operation machine. 

The idea of using the Well known 
principles of magnetic sound record- 
ing for the storage of digital data 
seems to have OKCCurred to a number / 
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Fig. 1. Hftgftctic drum •ii4 r«k4'r«c*rd h««4t 
Pig. 2. HagiMtic ataM ot ciocfc pulM track 




of designers at about the same time, 
the syftem to be described in this 
paper* howeveir, is thought to be the 
nrst in actual operation. 

Principles o# tli« Mag ii*tic Maimory 

Essentially, the storage device 
consists of a cylindrical drum coated 
with permanent magnetic material 
and rotating under a aeries of read / 
record heads arrange^l along a 

generator of the- cylinder. In Fig. 1 
li-Hm are a set of these heads. 
All of the digits of any particular 
number, which is in binary form 
(e.g., Wilkes'), are recorded and 
read off simultaneously by the 
heads. 



Successive numbers are recorded 
in sequence as the drum rotates and 
to distinguish between them an 
extra track (Ho) is added which con- 
tains a set . of equispaced positive 
" clock " pulses. 

In order to determine the position 
of the first number it is necessary 
to indicate the start of this clock 
pulse track. This could be done in 
various ways; for example, it might 
start >irith a single negative pulse, 
or alternatively a separate track 
might contain a single pulse to in- 
dicate the zero position of the clock 
pulse track. In fact, it turns out to 
be much simpler to leave a small 
gap, clear of any pulses, at the end 
of the clock pulse track, and to use 
this as a zero indication. The 
general appearance of the magnetic 
state of the clock pulse track is then 
shown in Fig. 2. < 

In order tp go to any position on 
the drum and 'to read or record 
there, all that is' necessary is to 
count from the zero position on the 
clock 'track and to arrange tliat the 
counter emits a pulse; when it 
reaches the given position. A 
schematic diagram of the ^hole 
memory is given in Fig. 3. 

The positive pulse input from the 
clock track head is amplified and 
sent to the binary counter C, which 
is arranged to zero on receipt of a 
pulse from the shaping circuit con- 
tained in A: 

The contents of C are co"hipared- 
with the required memory location 
as shown by a set of position num- 
ber inputs; when the two numl>ers 
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Fig. 14. Owtpuc from common g»to circuit* 
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poSiil^le to generate a gate signal 
whtett extends over one-half of the 
output pulse only, and thus to select 
a positive or negative pulse corres- 
ponding to unity or zero. Most of 
the published gate circuits have the 
disadvantage of placing the output 
on a " pedestal as shown in Fig. 
16, or else of transmitting pulses of 
one sign only. 

To remedy this defect the circuit 
of Fig. 17 was devised. 

In the absence of a gate pulse the 
twin triode grids act as diodes and 
short-circuit inccHning signals of 
either sign to earth. On applying 
a large negative pulse to the two 
anodes the electrons are repelled to 
the cathodes and the resistance of 
the grid circuits rises sbarply. If, 
in this condition, a voltage varia- 
tion occurs on Ci it is transmitted 
via Ct to the flip-flop; in the absence 
of the gate pulse, however, nothing 
passes. 
The Output Stage. 

This consists of the standard 
cathode-coupled toggle, shown in 
Fig. 18. 

For reliable operation it was neces- 
sary to compensate the inductance 
of the relay coil, and the network 



shown behaves like a pure resistan'*^. 

Conckislon 

It will be seen from the above cir- 
cuit descriptions and from th« 
photograph of Fig. 8 that the 
storage system described in. this 
paper is considerably more com- 
pact than any hitherto disclosed. 
Although in its present form it is 
somewhat slow in operation it is 
quite easy to speed up the rotation 
of the cylinder and to record and read 
data at several stations around the 
drum. In this way availalulitv times 
of better than 1 millisecond could 
be realised. Work is at present pro- 
ceeding along these lines and it 
appears that the neeessary modifica- 
tions are trivial in nature. 

The author wishes to express his 
sincere thanks to Dr. Geofnrey Gee, 
Director of Reseairch, and to the 
Board of the British Rubber I^ro- 
ducers' Research Association for 
supporting this work, and also to 
Miss X. Sweeting and Dr. R. W. 
Williams for asaistance in con-* 
structicm. 
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20, tOS, (1048), 

• WiIll»M Md Kllban, Jmmtai.a.M. (la pnu.) 



July, 1949 



tiectronic tngineering 



237 



9IOK.I 



Fig. II. CeiMKar aii4 
c«l»cld*nc« unit 



¥XOH 



^ *«.,?- 



I ' I II 



♦ IJOV 



CCXNCIDENCe 
UNrT 



COUNTER iOK 
UNIT 

VI-6 . ML6 




tents and relay do not agree, how- 
ever, the coincidence valve con- 
ducts. Since the resistance of any 
coincidence valve is only about 7 K", 
if at least one valve is conducting 
the potential at the common anode 
load cannot rise above 7/57 x 120 
=» 15 volts, which is well below the 
cut-off of the first stage of V*. The 
second stage of-F« acts as an inver- 
tor and pulse shaper, since a sharp 
positive trigger pulse is required 
for the input pulse generator. 

Vt generates a negative pulse of 
290 volts amplitude . and 15 /tsec. 
duration which is used to gate the 
outputs from the digit amplifiers 
into their respective flip-flops. 
The Input PuUe Generator. 

Since the heads have an input 
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Mf. 13. Relay Inpwt f«t« 



impedance of less than 0.1 Q and 
require pulse currents of 10-20 amps., 
a special generator had to be 
designed. Thyratron circuits " were 
tried, but were found to be un- 
reUable and liable to parasitic 
oscillation. Eventually the circuit 
shown in Fig. 12 ivas devised and 
gives completely satisfactory results. 

In the present memory the record 
gate G» is a relay, but it would be 
simple to substitute an electronic 
element. In the absence of a gating 
pulse via Go the blocking osciUatcH' 
is held off by the bias. The trans- 
former produces a pulse of less than 
1 Msec, duration and the cathode 
follower transformer enables the 
whole head array to be pulsed. 
The Input Gate$. 

These. are constructed from relay 
elements and are shown in Fig. IS. 

Each gate element consists of two 
relays having two change-over con- 
tacts which are activated from the 
main circuits of the machine. When 
relay "1" is c^>erated the head is 
pulsed in the positive sense, and 
when relay "O" is operated in the 
negative sense. 

oThe gate action isolates the digit 
track amplifiers during pulsing, as 
the stray pulse which crosses the 
relay contacts due to capacitiitive 
coupling does nbt effect the input 
transformers, which have extremely 
low input impedance. 
The Digit Amplifiers. 

These are perfectly straightfor- 
ward R-C coupled amplifiers, again 
constructed to give low gain below 
10 Kc/s. A typical circuit is shown 
in Fig. 14. 
The Output Gate. 

It is desired to gate the amplifier 
output into a flip-flop circuit at a 
given position only, the two possible 
amplifier output pulse shapes being 
shown in Fig. 15. 

Since the clock pulse occurs at the 
origin in the above sketches, it is 
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Pig. I. Motfcl ol drum wich h««rf» fnnuttvd in potitjon 
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Mechanical Conitructton 

A pliutit^raph uf tiir cytindor and 
hfatl sissi^uMy is eiviri in Vig. H. 

For nia I hi' mil I teat n- a sons it was 
ilerided to have '21 binary digit 
nufiit*^r«^ iind to stort' 'IH6 niich 
quftntiti«<t. With ibc parking of 50 
dij^its/in, and siirfarr Mp4>ed of 33 
ft./wr,. this rtf!f.ultpd in a cylinder 
'J in. in din meter nnil 1'2 in. latis 
rotating ut 3,000 r,p.m. The man!- 
mum waiting lime for readiog or 
recording is *iu m.sfr. and the mean 
time 10 m.tfe. 

The hfads. shown in detail in 
Fig. H, are mounted on a branB bar 
and are individually aUjustable by 
means of a itimpte s<-rew aaaembly. 
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Cnaritc adjustmrnt xh provided for 
aEigninjir the mum liar and the drum 
surface. 
Circuit! 

At the outset il c;in bf staled thai 
nil relayft arc of the Siemens high 
fiperd vuriety wiih IO(K» f lIHHIi- 
<'oiU. The measund tinif of t'losnrr 
(tr yppration of thrsr \& It-M?. than 
'J ni.sec. He lays an: dratvn in the 
normal position. 
The (7ocfr Trocfc Ampiifier. 

Un ihis truek it is necessary to re 
protlure with iictiirivcy the sharp 
tniDflition hiftween the two turniuj; 
puints in ontpvtt votla^'* ^liowit tn 
Fig. ti, and il wan dt'< ided Ihal ti 
Icjindwidlh of at lenAt 2(KI Kc/s. whr 
n«-t*dc'd. Thf nmplt(ii*r circuit of 
Fig. lu proved atlequute. 

it ttjl! hv noticed that the grid 
cauplinjf uuij screen re<*istor hy pa&s 
lime roRslants are so chosen that 
there IS a sU'cp reduction iti gain 
fwlow W Kc/s. This makes the 
amplifier very mtjfh more stiihie and 
makes inti-r-stage decoupling un- 
tteeesHnry. In particular, 30 c/s. pick- 
up and microphonic noise from Vi 
are imperci-ptible. I'l is biased 
below ciit-f)ff to enable the noise 
background from the medium to be 
clipped off. Thin i» nceeasary, since 
the gap at the end of the clock pul^e 
track (Fig. 2) may t'ontuin a noiite 
pulae of iuffieient amplitude to 
trigger the counter after it baa been 
set to zero, 

The output of i\ is fed direetly 
to the input of the binary counter 
and a poKion is rcctifted by the 
TN84 germanium diode and applied 
as a negative potential to the grid 
leak of the blocking oAcillotor tube 
F*. ThiA ke«p!« the. mttcr from firing 
until the dock puTse trnck gap in 
reached, when the charge on C leaks 
away vis A. The firing of F» sends 
a pulse via the output winding of T 
to the grid load resi.ttor of the 
counter, thus " aero-ing " the 
latter. 
The CattnttT and CoinciHt^nee StnMer, 

The counter used it an ordinary 
scale-of-two circuit with buffer 
amplifier to remove unwanted 
puti««.' The circuit con$tanu are 
chosen lo that the counter is reli- 
able up to lOA Kc/s. 
Coufltar Unit t 

It witl be seen from Fig. Il tliAt 
when any one of the counter stagei 
Ci) it in the sama state ("C or 
"1'^) as it» associated relay H». the 
potential of the grid of the correa^ 
ponding eoincidenee valve falU 
Delow cat of!. When counter con- 
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agree a pulse is emitted by a circuit. 
Normally this pulse opens a set of 
gates Gu-G.i, which allow the out- 
put pulses from the digit track 
heads H\-Ha to set a series 
of flip-flop storage elements 
Fi-Fn to the digit pattern re- 
corded under the heads in the 
given position. When it is desired 
to record in a given position a gate 
Go allows the above coincidence 
pulse to trigger a ** record pulse " 
generator which sends either posi- 
tive ("1") or negative (" ") 
pulses, via the input gates Gi-G^, 
to the heads. It should be noted 
that prior to the record operation 
the input gate will havei been set to 
" " or " 1 " positions from digit 
input leads, and that the nature (f 
the storage is such that the input 
data automatically - erases that 
already present. 

In the present memory, inteiided 
for use with A.R.C. (Automatic 
Relay Computer), the input gates 
Gi-Gn, the record gate Go and part 
of the counter-coincidence circuit 
are reUiy elements, and the output 
flip-flops set relays to operate the 
remainder of the machine. 

The Magnetic Circuit 

While many highly specialised 
magnetic recording media exist, 
these are at present difKcult to 
obtain in suitable form, and it was 
decided to use a thin plating of elec- 
trolytic nickel. Although the mag- 
netic properties of this seem to leave 
much to be desired, the medium i^ 
quite good enough for the purpose 
in hand. In the final design a 
plated layer between .0005 in. ^nd 
.001 in. in thickness was used. 
Extensive experiments showed that 
up to 100 digits /in. could be re- 
corded, but for safety it was decided 
to use only a 50 digits/ in. packing 
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Fig. 4. Out^wC v*ltag« from iiingl* wir« I><i4 
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Pig. 4. Isrly recording h«*4 



as this allowed for considerable 
variationi in head construction. The 
surface speed of the drum was 
25 ft. / sec. 

The first models of the recording 
heads were of the form shown in 

Single laminations of .0*^ in. sili- 
con iron were used and the heads 
were run in contact with the 
cylinder as shown. Using 2,000 
turns on the magnetising coils it was 
found that the shortest recording 
pulse which could l>e used was 85 
Msec. This left much to be desired 
.and further experiments were 
instituted. 

About this timt Dr. Julian 
Bigelow* suggested using a single, 
very fine wire as recording head. 

This was to be mounted in* close 
proximity to the drum surface and 
pulsed with a current of between 10 
and 50 amps. Since the current 
flows for considerably less than 
1 Msec, this does not damage the 
wire. It can be :ihown that if the 
input pulse is short enough for the 
recording medium not to move 
appeciably during the pulse, the out- 
put voltage 'follows the law : 



• Chief Kngliieer, Kkctronic Computer Project, 
Inatitut« for Advanced Study, Princeton, U.S.A. 



£.-. = Kv'it/(4a* + v't*^ 
where 

V = surface speed of medium 
t » recording current 

a « distance of wire centre from 
drum surface 

t — time. 
The general form of this function is 
shown in Fig. 6.4^ 

In the present^nemory, with digit 
packing of 50/fn., it follows that for 
non-interference of pulses 4a<<.020 
in. or a << .005 in.; this means tliat 
wires of diameter less than .002 in. 
must be used. Handling becomes 
difiicult with .001 in. diamciter wire 
and problems arise in the design of 
step-up transCormers for ratio of 
1 :100 and bandwidths of 250 Kc/s« 
where the input impedance is about 

As a comparison, tests were made" 
using a .002 in. diameter single jvire 
and a single lamination head of the 
general type shown in Fig. 4, but 
reduced to one-half the linear dimen- 
sions. With ten turns this gave 
precisely the same output as the 
single wire, thus indicating losses 
of about 90 per cent. 

It had been evident that the per^ 
formance improved as the Kaear 
dimensions of the heads decreased 
and a series of experiments wiere 
tried with very small heads. Theae 
resulted in the design shown in 
Fig. 7. 

Using a single 82-gauge wire as 
magnetising source, the output sig- 
nal was three times greater than, that 
from a .001 in. diameter wire, indicat- 
ing that the loss in efficiency is no 
longer important. With the same de- 
sign it proved possible to insert four- 
turns of 42-gauge wire through the 
window and 12 times the single wire 
head output was obtained. The out- 
put pulse shape is identical with that 
of Fig. 6.* 

In order to record " 1 " and " " 
on the medium the simiile procedure 
of pulsing the head with sufficient 
current to cause magnetic saturation 
of the nickel was adopted. Thus, if 
" 1 *' is recorded with a pulse of 
+ 20 amps., to record "0" a -20 
amp. pulse is superimposed. 
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